Background
Introduction
Acculturation, or the process by which foreign-born individuals adopt the culture and behaviors of a new environment, has been associated with increased cardiovascular disease (CVD) incidence and risk factors in the U.S. [1] [2] [3] [4] [5] [6] [7] . The pathways between acculturation and CVD risk remain largely unknown, and may include changes in regular diet or physical activity [8] [9] [10] [11] [12] [13] [14] [15] , increased smoking [16] , nonadherence to antihypertensive medication [17] , or acculturative stress [18] . Examining associations between acculturation and biomarkers of CVD risk may provide insight into which metabolic pathways are disturbed with acculturation and discover additional intervention targets for improving the health of acculturating populations.
Plasma phospholipid fatty acids (PLFAs), particularly polyunsaturated FAs such as omega-3 (n-3) and possibly omega-6 (n-6) FAs [19, 20] , are recognized as modifiable biomarkers of CVD risk [21] [22] [23] [24] [25] . A controversial meta-analysis of 32 prospective cohort studies found eicosapentaenoic acid (EPA) (n-3 FA), docosahexaenoic acid (DHA) (n-3 FA), and arachidonic acid (AA) (n-6 FA) were associated with lower coronary heart disease risk [26] . Studies in dietary polyunsaturated FAs were less consistent [26] , as there were statistically non-significant associations reported between dietary intake of n-3 and n-6 FAs and coronary heart disease, potentially due to measurement error in self-reported questionnaires used to assess FA consumption. With research showing associations between acculturation and increased CVD, as well as between plasma PLFAs and increased CVD, one possible avenue through which acculturation may increase CVD risk is through changes in FA profiles. However, little is known about the potential effect of acculturation on plasma PLFAs.
Asian and Hispanic/Latino descent populations are the fastest-growing immigrant groups in the U.S. [27, 28] , who have experienced both acculturation and increased CVD risks. Asians grew by 2.9% from 2011 to 2012, constituting 5.8% of the total U.S. population in 2012; Hispanics/Latinos grew by 2.2% and constituted 16.9% of the total U.S. population in 2012 [27, 28] . Furthermore, Hispanic/Latino or Asian subgroups have different background lifestyles, acculturation experiences, and health outcomes [29] .
In this study, we investigated the association of acculturation and plasma PLFA concentrations in a sample of Mexican, non-Mexican Hispanic, and Chinese-American (one of the largest and quickly-growing Asian subgroups in the U.S.) adults from the Multi-Ethnic Study of Atherosclerosis (MESA). A characteristic of westernized diets is a high ratio of n-6 FAs to n-3 FAs [1, 30] . For this reason, we hypothesized that acculturation levels would be positively associated with fasting plasma phospholipid n-6 FAs and inversely associated with fasting plasma phospholipid n-3 FAs. In secondary analyses, we also examined whether associations between acculturation and plasma PLFAs were mirrored by associations between acculturation and dietary FA intake.
Materials and Methods

Study population
We used cross-sectional data from MESA, a prospective cohort study of subclinical CVD among four ethnic populations [31] . Started in 2000, MESA includes 6,814 participants aged 45-84 years, who were free of clinical CVD at baseline, from six areas in the U.S.: New York, New York; Baltimore, Maryland; Chicago, Illinois; Los Angeles, California; St. Paul, Minnesota; and Forsyth County, North Carolina. Study procedures were approved by the Institutional Review Boards of all field centers (i.e., Columbia University; Johns Hopkins University; Northwestern University; University of California, Los Angeles; University of Minnesota; and Wake Forest University) and the Coordinating Center (University of Washington), and all participants provided written informed consent. All study analyses were conducted on de-identified data.
The MESA sample in the current analyses contains data from the baseline/exam 1 visit when acculturation was measured. Our analytic sample included only participants from the subset with FA data; plasma PLFAs were measured at baseline in a randomly selected subset of 2,856 participants. We further excluded those without full acculturation and diet data and participants who did not self-identify as Mexican, non-Mexican Hispanic (e.g., Cubans, Puerto Ricans, Dominicans), and/or Chinese. The final sample size was 1,409 self-identified participants: 377 Mexican, 320 non-Mexican Hispanic, and 712 Chinese.
Measures
Demographics. Demographic characteristics, such as age, sex, race/ethnicity, education, and income, were collected by self-report using questionnaires. Questionnaires, available in English, were also translated to Spanish and Chinese by certified translators and reviewed by bilingual study investigators, staff, and a multicultural research office. Race/ethnicity was selfreported using the same race and ethnicity questions as in the 2000 U.S. Census. Participants who selected Hispanic were asked to choose their specific group (e.g., Mexican, Dominican, Puerto Rican).
Acculturation. As previously done [32] , an acculturation score was constructed from three proxy measures: nativity, language spoken at home, and years in the U.S. Nativity and years in the U.S. were combined and scored as U.S.-born (3 points), foreign-born and lived in the U.S. at least 20 years (2 points), foreign-born and lived in the U.S. 10-19 years (1 point), or foreign-born and lived in the U.S. less than 10 years (0 points). A separate score was given for language spoken at home: English (2 points), English and Chinese/Spanish (1 point), or non-English language (0 points). The two scores were summed to obtain an acculturation score from 0 (least acculturated) to 5 (most acculturated).
Plasma Phospholipid Fatty Acids. Plasma PLFAs were measured in plasma phospholipids; the ones of interest for this study were α-linolenic acid (ALA), linoleic acid (LA), EPA, DHA, and AA. These FAs were measured in EDTA plasma frozen at -70˚C using samples collected after a 12-hour fast [33, 34] . Plasma phospholipids were isolated by thin layer chromatography, with FAs being subsequently separated by gas chromatography. The Collaborative Studies Clinical Laboratory at Fairview-University Medical Center (Minneapolis, MN) performed the FA assays; details of sample shipping, repository, processing, and extraction are published elsewhere [31, 33, 35] . Individual FAs were expressed as a percentage of total FAs.
Dietary Fatty Acids. Dietary FAs were assessed from a self-administered food frequency questionnaire (FFQ). The FFQ was a modified version of the Insulin Resistance Atherosclerosis Study FFQ, which was previously validated in non-Hispanic whites, Hispanics, and African Americans [36, 37] , and included additional items to capture the dietary intake of Chinese Americans. For each food item, individuals indicated the average serving size and frequency of consumption. Total dietary intake of FAs was calculated using weighted recipes from the Nutrition Data System for Research (NDSR, University of Minnesota, Minneapolis, MN) and estimated per 100 g of food [38] . Those values were then multiplied by individual intake frequency and age-, sex-, and portion size-specific gram weights for each food. Reported intakes of dietary FAs were analyzed as absolute amounts (mg/d) for FAs that are episodically-consumed (EPA, DHA, EPA+DHA), and in relation to energy intake (per 1,000 kcal) for all others [39] . In addition, n-3 FAs were analyzed in relation to n-6 FA intake.
Anthropometrics and other health outcomes. Height was measured to the nearest 0.1 cm and weight to 0.5 kg by trained personnel and converted into body mass index (BMI) using the formula: weight (kg) / height 2 (m 2 ). Waist circumference was measured to the nearest 0.1 cm.
Serum glucose was measured by a Vitros analyzer (Johnson & Johnson Clinical Diagnostics
Inc., Rochester, NY). Serum insulin was measured by a radioimmunoassay method using the Linco Human Insulin-Specific RIA Kit (Linco Research Inc., St. Charles, MO). The homeostasis model of insulin resistance (HOMA-IR) was calculated as: insulin (mU/l) x (glucose [mg/ dl] x 0.055)/22.5 [40] . Physical activity. Physical activity was assessed using a questionnaire adapted from the Cross-Cultural Activity Participation Study [31] . For this study, physical activity was defined as a total of the metabolic equivalent (MET) hours per day reported from leisure and occupational activities.
Statistical analyses. Plasma PLFA variables, with the exception of total n-6, DHA, and LA, were non-normally distributed, as well as insulin, glucose, and HOMA-IR. These variables were log transformed for the analyses. Values that were three standard deviations from the mean for glucose were excluded prior to analyses.
We performed linear regressions to assess the association of acculturation with individual plasma PLFAs in separate models. We also ran secondary analyses on dietary FAs by ethnicity and acculturation for comparison. In all models, the predictor was the composite acculturation score. In model 1, age, sex, highest educational level, and total gross family income were included as covariates. Model 2 included the model 1 predictors and covariates, plus fasting insulin levels, BMI, waist circumference, and physical activity. Study site was not included as a covariate, as this was strongly correlated with ethnicity and acculturation. Multicollinearity tests were performed to determine if any of the covariates and predictor variables were highly correlated. Based on variance inflation factors, there was no problem with collinearity in the data.
All statistical analyses were performed using Statistical Analysis System (SAS version 9.4, SAS Institute Inc., Cary, NC, 2014), conducted separately for Mexican Hispanic, non-Mexican Hispanic, and Chinese participants. Analyses for all Hispanics (Mexican and non-Mexican) were performed, while controlling for Mexican background. Statistical significance was based upon a 5% false discovery rate (FDR) and presented as corrected q-values [41] .
Results
The total sample comprised 1,409 MESA participants of Mexican (n = 377), non-Mexican Hispanic (n = 320), or Chinese (n = 712) descent (Table 1 ). The mean age was approximately 62 years, and there was nearly equal representation from males and females. Overall, based on time in the U.S., primary language spoken at home, and acculturation score, those of Mexican descent were more acculturated than non-Mexican Hispanic and Chinese participants (P<0.001 for all three variables). In addition, there were statistically significant differences in PLFAs and dietary FAs between ethnic groups (P<0.05).
Acculturation was not significantly associated with any plasma PLFAs in model 1, regardless of racial/ethnic subgroup (all q!0.432; Table 2 ). We observed similar results with model 2 and when combining all Hispanics. We also checked whether the regression coefficients differed across subgroup by testing the interaction effects. When controlling for covariates, there was a significant difference in regression coefficients between non-Mexican Hispanic and Chinese participants (P<0.01).
We ran secondary analyses of dietary FAs for comparison: acculturation was significantly associated with increased n-6 FA intake, decreased n-3/n-6 FA intake, and increased LA intake in Mexican and non-Mexican Hispanic participants, as well as decreased AA intake in Chinese participants in model 1 (all q<0.05; Table 3 ). The results were similar in model 2. When combining all Hispanics, the results were slightly different than those observed for Mexican and non-Mexican Hispanic participants. Along with increased n-6 FA (β = 0.178, q<0.001), decreased n-3/n-6 FA (β = -0.125, q<0.001), and increased LA (β = 0.177, q<0.001) intake, acculturation was significantly associated with increased AA (β = 0.101, q = 0.005) intake among combined Hispanics in model 1, with similar results in model 2. The dietary measures and plasma PLFAs correlated well for DHA (ρ = 0.30, P<0.001), EPA (ρ = 0.35, P<0.001), and EPA+DHA (ρ = 0.35, P<0.001), while the other correlations were either small (0.05 for ALA, 0.09 for total n-3, 0.17 for total n-6, and 0.21 for LA; all P<0.05) or not statistically significant (P>0.05 for n-3/n-6 and AA), which suggests that only dietary EPA, DHA, and EPA+DHA had reasonable correlations with their biomarkers in our dataset.
Based on a sensitivity power analysis using G Ã Power (version 3.1.9.2, Heinrich-Heine-University, Düsseldorf, Germany, 2014), assuming a conservative (Bonferroni-corrected) alpha = 0.005 and the smallest sample size of 320 (non-Mexican Hispanics), we had 80% power to detect a small effect size of f 2 = 0.042. This implies that if there was a true relationship between acculturation and the FAs that we were not powered to detect, acculturation accounted for less than 4% of the FA variances and so may not be clinically meaningful. Scatter plots for each plasma PLFA against acculturation score did not reveal any differences between the acculturation groups. In addition, the acculturation score was positively associated with BMI, which theoretically and empirically should be related [42] [43] [44] [45] , in our samples of Chinese (standardized β = 0.117, P = 0.001), Mexican (standardized β = 0.103, P = 0.003), and non-Mexican Hispanic (standardized β = 0.091, P = 0.020) participants, providing validity to this acculturation measure.
Discussion
To our knowledge, the current study was the first to test associations between acculturation and plasma PLFAs as a possible pathway between acculturation and CVD, in a sample of Chinese and Hispanic MESA participants. No significant relationships were detected between acculturation and plasma phospholipid polyunsaturated FAs. These findings suggest that changes in plasma polyunsaturated FAs are not a pathway through which acculturation to the U.S. may modulate CVD risk. Associations between acculturation and polyunsaturated FA intake have been suggested from ecological studies. For example, humans used to consume a diet with an approximate 1:1 ratio of n-6 to n-3 FAs [46, 47] , but recently, westernized diets have been characterized by a Table 2 . Association between acculturation and plasma polyunsaturated fatty acids among MESA participants: 2000-2002 (n = 1409) a .
Mexican (n = 377) Non-Mexican Hispanic (n = 320) Chinese (n = 712) ratio of between 10:1 and 20:1 [46] [47] [48] . With this increase in ratio, the human physiological state becomes more proinflammatory, thus theoretically increasing the risks of CVD and other diseases characterized by inflammation [30, 49] and illustrating a potential pathway through which acculturation may influence CVD risk. These associations between acculturation and a westernized diet were not supported by plasma PLFA levels in Chinese, Mexican, non-Mexican Hispanic, or combined Hispanic individuals in this study; however, they appeared supported by associations of dietary total n-6 polyunsaturated FA levels with higher acculturation, and dietary n-3/n-6 ratios with lower acculturation, in Mexican, non-Mexican Hispanic, and combined Hispanic individuals. In Chinese individuals, acculturation was associated with lower AA intake, suggesting a possible protective effect through decreased AA intake. Plasma FAs reflect both dietary intake and metabolic processes; our results may suggest that the effects of acculturation on FA metabolism are minimal and that the focus should be on dietary intake, at least for some FAs. Correlations between dietary and plasma FAs showed that dietary total n-6 polyunsaturated FAs and dietary AA in this study did not correlate well with their biomarker, questioning the comparability of the diet and plasma phospholipid measurements for these FAs. On the other hand, EPA, DHA, and EPA+DHA showed modest correlations [50] , and consistent null findings with both diet and biomarkers suggest that acculturation is not associated with very long chain n-3 polyunsaturated FAs for Mexican, non-Mexican Hispanic, combined Hispanic, or Chinese individuals. Research is needed to further investigate the relationship between acculturation and other dietary FAs. Limitations of the current study include first, the cross-sectional design. Longitudinal research is needed to assess the associations of acculturation to FAs and CVD, as relationships may manifest over time. Second, the acculturation score was based on nativity, language spoken at home, and years in the U.S., and these three variables may not adequately capture acculturation. However, we found positive associations between our acculturation measure and weight status, which is consistent with other studies on acculturation [42] [43] [44] [45] . Relatedly, we assumed linearity in the acculturation score, for which use of a single unit may have yielded misleading findings (e.g., if there was no change in a particular FA until a score of 4). We created scatter plots for each FA against acculturation score and found no differences between any of the acculturation groups; thus, the way we classified acculturation was not misleading. In addition, although one of the strengths of this paper is focusing on plasma PLFAs instead of self-reported dietary FAs, there may have been measurement error or limited variability in some of the plasma PLFAs in these populations, which may have contributed to our null findings. Next, findings from this study cannot be generalized to other racial/ethnic populations in the U.S. or around the world, who also undergo acculturation or westernization. Lastly, dietary FAs were measured using a FFQ. Dietary FA assessment with the FFQ includes measurement error, and dietary assessment validity may vary among ethnic groups.
The present study contributes to research on acculturation and CVD risk factors by being the first to investigate plasma phospholipid polyunsaturated FAs, in relation to acculturation, in Asian/Hispanic subgroups. Associations were not detected with very long chain n-3 FAs measured in plasma and diet, suggesting that acculturation may not be related to increased CVD risk through changes in EPA and DHA. Research is needed to investigate the association of acculturation with other CVD biomarkers of risk, such as lipids, lipoproteins, and oxidized FAs, as well as with n-6 dietary FAs.
